###### Strengths and limitations of this study

-   This is a large cohort study of 434 women with histological diagnosis of LSIL (CIN1) with a long-term 5-year follow-up.

-   The study can help us to find a possible subgroup of women at higher risk of progression or persistence of LSIL (CIN1).

-   All patients were managed by certified expert operators in the four involved centres.

-   All the cervical cytology and histological samples were analysed by cytologists and pathologists of the tertiary care institutions involved, with particular expertise in the field of cervical intraepithelial and invasive lesions.

-   Our study is a multicentric retrospective study, which might have introduced a selection bias.

Introduction {#s1}
============

The cervical low-grade squamous intraepithelial lesion (LSIL) (CIN1), defined according to the 2012 revised Lower Anogenital Squamous Terminology (LAST) terminology,[@R1] can be considered as the transient expression of a self-limited human papillomavirus (HPV) infection. Since LSIL (CIN1) does not determine a significant higher risk for high-grade lesions or cervical cancer, it does not represent a target for cervical cancer screening.[@R2] Moreover, considering that LSIL (CIN1) is characterised by a low rate of progression to high-grade lesions[@R3] and by a high rate of spontaneous regression (up to 60%--80% of all cases within 2--5 years[@R6]), especially in young women,[@R10] a conservative approach with follow-up should be preferred in the first instance.[@R12] However, even if the currently available guidelines provide the possibility both to treat or continue follow-up if LSIL (CIN1) persist for at least 2 years,[@R13] there is no consensus on the optimal management in case of long-term follow-up without treatment, on the safety of prolonging follow-up beyond 2 years from initial diagnosis, and on the overall duration of a long-term follow-up.

The safety of a long-term follow-up should be based on risk for developing high-grade squamous intraepithelial lesion (HSIL) (CIN3) or invasive cancer, since this risk is considered to be the better indicator for reducing cancer incidence.[@R2] It is reported that an HSIL (CIN3) or invasive cancer risk lower than 2.0% is considered acceptable to recommend screening in 5 years, while a risk between 2.0% and 10.0% might warrant rescreening in a year.[@R2] Nevertheless, in the clinical practice, HSIL (CIN2-3) or invasive cancer is the threshold for treatment[@R2] and this risk should guide the design of a long-term follow-up.

The aim of this study was therefore to evaluate the risk of progression to HSIL (CIN2-3) or invasive cancer in women with histopathological diagnosis of LSIL (CIN1), managed in a long-term observational approach up to 5 years. As secondary aim, we investigated the potential risk factors at 2 years from initial diagnosis for progression to HSIL (CIN2-3) or invasive cancer in the following 3 years in women with low-grade cytology without histopathological assessment at colposcopy or histopathological LSIL (CIN1) diagnosis, in order to identify those patients that may warrant treatment after 2 years instead of prolonged follow-up.

Materials and methods {#s2}
=====================

All the women older than 21 years with a histopathological diagnosis of LSIL (CIN1) performed from January 2006 to December 2011 were considered. All patients underwent colposcopy-guided biopsy of suspicious areas on the uterine cervix after an abnormal referral cervical cytology and subsequent colposcopy, according to current guidelines.[@R13]

Women with previous diagnosis or treatment for cervical dysplasia or invasive cervical cancer were excluded, as well as women with synchronous vaginal intraepithelial lesions or vaginal cancer and women with HIV infection or immunodepression.

Patients were identified by searching our clinical databases, and the medical records of women fulfilling the study inclusion and exclusion criteria were retrospectively analysed in an observational cohort study.

We collected data regarding the referral cytology, the colposcopic examination and the histopathological findings on biopsy. Moreover, we collected pertinent sociodemographic and clinical data about age, menopausal status, oral contraceptive (OC) use and tobacco use.

All the cervical cytology and histological samples were analysed by cytologists and pathologists of the involved Institutions, with particular expertise in the field of cervical intraepithelial and invasive lesions. Similarly, all the colposcopies (and the colposcopy-guided biopsies) were performed by experienced gynaecologists of the involved institutions certified by Italian Society of Colposcopy and Cervico-Vaginal Pathology (SICPCV) certification.

Cytological abnormalities were classified, according to the Bethesda system terminology,[@R5] in atypical squamous cells of undetermined significance (ASC-US), LSIL, atypical squamous cells, cannot rule out high-grade SIL (ASC-H) and HSIL. A triage test with high-risk human papillomavirus (HR-HPV) DNA was performed at inclusion in women with ASC-US cytology, referring to colposcopy only those who tested positive. ASC-US and LSIL were categorised as '*low-grade cytology*' while HSIL and ASC-H were categorised as '*high-grade cytology*'. Women with glandular lesions on the referral cytology were excluded.

Colposcopic examinations were recorded accordingly to the 2011 revised colposcopic terminology of the International Federation for Cervical Pathology and Colposcopy (IFCPC).[@R16] In particular, the abnormal colposcopic findings of 'flat acetowhite epithelium', 'fine mosaic', 'fine punctation', 'iodine partial positivity' were considered as 'grade 1 colposcopic findings' (ANTZG1) and the abnormal colposcopic findings of 'dense acetowhite epithelium', 'coarse mosaic', 'coarse punctation' and 'iodine negativity' were considered as 'grade 2 colposcopic findings' (ANTZG2). The evidence of 'atypical vessels', 'irregular surface', 'erosion', 'ulceration' or 'wide irregular punctation and mosaic' was considered as suspicious features for invasive cancer. The colposcopies performed before the introduction of the 2011 IFCPC terminology were revised accordingly, through the revision of colposcopic charts and images. Only women with adequate colposcopy and complete colposcopic charts were included in the present analysis.

After reviewing the slides, the histopathologic results were reported according to LAST terminology for HPV-associated lesions and defined as LSIL (CIN1), HSIL (CIN2-3)[@R1] or invasive cancer.

After the initial histopathological diagnosis of LSIL (CIN1), all patients underwent scheduled follow-up with repeat cytology at 12 and 24 months from initial diagnosis, and immediate referral to colposcopy in case of positive cytology of any grade. In addition, an HR-HPV DNA test was performed at 24 months from inclusion. All women who presented negative cytology results and negative HR-HPV DNA test at 24 months were sent to routine screening with repeat cytology at 3 years (5 years from initial diagnosis). At 24 months, in the case of low-grade cytology without histopathological assessment after colposcopy or histopathological LSIL (CIN1) diagnosis, a repeat cytology was scheduled every 12 months up to 5 years from initial diagnosis with immediate referral to colposcopy in case of positive results. At any time, in the case of histopathological HSIL (CIN2-3) diagnosis, patients were subjected to cervical excision procedure. At 5 years from initial diagnosis, in all women with low-grade cytology without histopathological assessment after colposcopy or histopathological CIN1 diagnosis, a cervical excision procedure was performed.

The main study outcome was the rate of progression to histopathological HSIL (CIN2-3) or invasive cancer at any time during 5 years of follow-up after the first diagnosis of LSIL (CIN1). The possible risk factors at inclusion (age, tobacco use, menopause, OC use, cytology results and colposcopic appearance) associated with histopathological HSIL (CIN2-3) or invasive cancer progression were also evaluated. The rate of progression to HSIL (CIN3) was also recorded.

As secondary outcome, we analysed the possible risk factors at the 24-month evaluation (age, tobacco use, menopause, OC use, cytology results, HR-HPV DNA results and colposcopic appearance) for histopathological HSIL (CIN2-3) or invasive cancer progression between 2 and 5 years from initial diagnosis in women with low-grade cytology without histopathological assessment after colposcopy or histopathological LSIL (CIN1) diagnosis, in order to identify a subgroup of those patients in which a cervical excision at 24 months from initial diagnosis could be more appropriate than a prolonged follow-up.

Statistical analysis was performed using IBM SPSS V.22.0 (IBM Corporation).

The sample size was determined considering the rate of progression to HSIL (CIN2-3) in 5 years of follow-up without treatment in women with histopathological diagnosis of LSIL (CIN1) as the primary outcome measure; data from previous literature reported a rate of progression to HSIL (CIN2-3) of 10%--15%[@R12] Setting a 6% wide 95% CI (with alpha=0.05 and beta=0.20) and an estimated dropout rate of 20%, the determined minimum sample size was 416 women. Therefore, we retrospectively included patients from the databases of the four involved institutions, starting from year 2011 until reaching at least 416 cases.

χ^2^ testing and *t-*test were used, as appropriate, for comparison between dichotomous and continuous variables in the bivariate analysis. A multivariate logistic regression was used to identify possible risk factors associated with histopathological HSIL (CIN2-3) or invasive cancer progression both at 5 years of follow-up and at 2 years of follow-up, in the entire study cohort or in women with low-grade cytology without histopathological assessment after colposcopy or histopathological LSIL (CIN1) diagnosis, respectively. Only those variables that were significant in the bivariate analysis were considered for the logistic regression model. A Kaplan-Meier survival curve was constructed to determine the time-based rate of progression to histopathological HSIL (CIN2-3). A p\<0.05 was considered statistically significant. A written informed consent for use of personal data was obtained from each woman.

Patient and public involvement {#s2a}
------------------------------

We did not directly include patient and public involvement PPI in this study, but the database used in the study was developed with PPI and is updated by a committee that includes patient representatives.

Results {#s3}
=======

During the study period, 434 women, fulfilling the study inclusion and exclusion criteria, constituted the study cohort.

The mean age was 35.0 years (range: 23.0--52.0), 114 women (26.3%) were tobacco users, 151 (34.9%) used OC and 46 women (10.6%) were in menopause.

The referral cervical cytology was '*low-grade*' in 398 women (91.7%) and '*high-grade*' in the remaining 36 women (8.3%). The colposcopic findings were: ANTZG1 in 399 cases (91.9%) and ANTZG2 in 35 women (8.1%).

In the whole study cohort, a progression to histopathological HSIL (CIN2-3) was found in a total of 32 (7.4%) cases during 5 years of follow-up. A histopathological diagnosis of HSIL (CIN3) was found in four patients (0.9%) and no case of invasive cancer was detected.

Among the 402 (92.6%) women who did not present a histopathological progression to HSIL (CIN2-3) or invasive cancer, 6 (1.4%) showed a low-grade cytology without histopathological assessment at colposcopy or LSIL (CIN1) diagnosis after 5 years from inclusion and were subjected to cervical excision. The final histopathological diagnosis was LSIL (CIN1) in four cases (66.7%) and negative for dysplasia in two cases (33.3%) ([figure 1](#F1){ref-type="fig"}).

![Flowchart of study population and follow-up.](bmjopen-2018-024920f01){#F1}

The bivariate analysis of possible risk factors for histopathological progression to HSIL during 5 years of follow-up is reported in [table 1](#T1){ref-type="table"}. Among the factors that were significantly associated with progression at bivariate (tobacco use, ANTZG2 at inclusion and high-grade cytology at inclusion), only high-grade cytology at inclusion maintained a significant correlation with the risk of histopathological progression to HSIL (CIN2-3) (36.1% vs 4.8%), with an OR of 0.1, 95% CI (0.04 to 0.23), p\<0.0001.

###### 

Bivariate analysis of possible risk factors at inclusion for progression to histopathological HSIL (CIN2-3) during 5 years of follow-up in the study cohort (n=434)

  ----------------------------------------------------------------------------------------------------------------
  Characteristics                        Whole study cohort\   No progression\   Progression to HSIL\   P
                                         (n=434)               (n=402)           (n=32)                 
  -------------------------------------- --------------------- ----------------- ---------------------- ----------
  Age (years)                            35.7±9.6              35.8±9.6          33.9±9.2               0.28

  Tobacco use (%)                        117 (27.0%)           102 (25.4)        15 (46.9)              0.01

  Menopause (%)                          46 (10.6%)            44 (10.9)         2 (6.3)                0.61

  OC use (%)                             121 (27.9)            108 (26.9)        13 (40.6)              0.15

  High-grade cytology at inclusion (%)   36 (8.3)              23 (5.7)          13 (43.8)              \<0.0001

  ANTZG2 at inclusion (%)                36 (8.3)              29 (7.2)          7 (21.9)               0.01
  ----------------------------------------------------------------------------------------------------------------

Data are mean±SD or n (%) as appropriate.

ANTZG2, grade 2 colposcopic findings; HSIL, high-grade squamous intraepithelial lesion.

[Figure 2](#F2){ref-type="fig"} represents the Kaplan-Meier curves for 5-year probability of progression to histopathological HSIL according to referral cervical cytology at initial histopathological diagnosis of LSIL (CIN1). Women with initial low grade cytology presented a significantly higher probability of progression to histopathological HSIL during 5 years with respect to high-grade cytology (p\<0.001).

![Kaplan-Meier analysis of time-based rate of progression to histopathological high-grade squamous intraepithelial lesion (CIN2-3) on the basis of the referral initial cytology.](bmjopen-2018-024920f02){#F2}

At 2 years from inclusion, 354 (81.6%) women presented a negative cervical cytology, 67 (15.4%) a low-grade cytology without histopathological assessment after colposcopy or CIN1 histopathological diagnosis, and 13 (3.0%) a histopathological progression to HSIL. Among those patients, two (0.5%) presented a histopathological progression to HSIL (CIN3), with no case of invasive cancer ([figure 1](#F1){ref-type="fig"}).

A total of 19 (4.4%) women showed a histopathological progression to HSIL between 2 and 5 years of follow-up, with 2 (0.5%) cases of progression to HSIL (CIN3) and no case of invasive cancer.

All women who resulted negative at the 2-year cervical cytological assessment showed a negative cytology after 3 years.

Among the 67 women who presented a low-grade cytology without histopathological assessment after colposcopy or LSIL (CIN1) histopathological diagnosis at 2 years from inclusion, 19 (28.4%) progressed to HSIL (CIN2-3) between 2 and 5 years.

[Table 2](#T2){ref-type="table"} reports the bivariate analysis of the risk factors at the 2-year evaluation for histopathological progression to HSIL between 2 and 5 years of follow-up in women with a low-grade cytology without histopathological assessment after colposcopy or LSIL (CIN1) histopathological diagnosis. Only the presence of a positive HR-HPV DNA test at 2 years from inclusion was associated with a higher risk of histopathological progression to HSIL between 2 and 5 years of follow-up, with an OR of 5.6 (95% CI 1.7 to 18.3, p=0.002).

###### 

Bivariate analysis of the risk factors at the 2-year evaluation for histopathological progression to HSIL (CIN2-3) between 2 and 5 years of follow-up in women with a low-grade cytology without histopathological assessment after colposcopy or LSIL (CIN1) histopathological diagnosis (n=67)

  -----------------------------------------------------------------------------
  Characteristics                      No progression\   Progression\   P
                                       (n=48)            (n=19)         
  ------------------------------------ ----------------- -------------- -------
  Age (years)                          33.4±9.9          34.4±10.7      1.00

  Tobacco use (%)                      22 (45.8%)        8 (42.1%)      0.99

  Menopause (%)                        5 (10.4%)         1 (5.3%)       0.85

  OC use (%)                           14 (29.2%)        4 (21.0%)      0.71

  HSIL at inclusion (%)                0 (-)             0 (-)          \-

  ANTZG2 at inclusion (%)              0 (-)             0 (-)          \-

  ANTZG2 at 2 years (%)                3 (6.3%)          3 (15.8%)      0.45

  HSIL at 2 years (%)                  0 (-)             2 (10.5%)      0.14

  Positive HR-HPV DNA at 2 years (%)   16 (33.3%)        14 (73.7%)     0.006
  -----------------------------------------------------------------------------

Data are mean±SD or n (%) as appropriate.

ANTZG2, grade 2 colposcopic findings; HR-HPV, high-risk human papillomavirus; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion.

Discussion {#s4}
==========

The results of our study showed a low rate (7.4%) of histopathological progression to HSIL (CIN2-3) in women with LSIL (CIN1) diagnosis during long-term follow-up up to 5 years. The risk of HSIL (CIN3) was 0.9% and no case of invasive cancer was found. A high-grade referral cytology was associated with a higher risk of progression to histopathological HSIL (36.1% vs 4.8%), with an OR of 0.1, 95% CI (0.04 to 0.23), p\<0.0001.

These findings are consistent with existing literature: the study from Katki *et al* [@R17] showed a risk of progression to CIN2+ at five years of 10.0% in the case of low-grade cytology at inclusion and of 24.0% in the case of high-grade cytology; instead, the risk of CIN3+ is reported to be between 3.8% and 15.0% according to referral cytology.[@R17] The risk of invasive cancer is instead lower (0.2%--2.1%)[@R17]; in a Norwegian study of 520 women with a negative cervical biopsy after ASC-H/HSIL cytology or ASC-US/LSIL cytology with a positive 5-type HPV mRNA test, seven women (1.3%) developed invasive cervical cancer in the follow-up.[@R18]

Even if the risk of developing CIN3+ is considered to be the better indicator for reducing cancer incidence,[@R2] the goal of clinical management is to identify and treat high-grade disease[@R1] (HSIL according to LAST terminology), which can also include CIN2 lesions, that is thought to represent a mixture of low-grade and precancerous disease,[@R1] with an intermediate risk of progression. Moreover, current clinical guidelines recommend treatment of both CIN2 and CIN3 lesions, with the exception of special patient categories.[@R13] For these reasons, when evaluating the best clinical management and safety of a prolonged follow-up of LSIL (CIN1) lesions, the risk of progression to HSIL (CIN2-3) or invasive cancer should be considered, rather than the risk of progression to CIN3+. Our data support the opportunity of a prolonged follow-up, taking also into account that only 0.9% on included patient developed a CIN3 and none an invasive cancer during 5 years of observational approach, below the threshold of 2.0% that is considered acceptable to recommend screening in 5 years.

In our series, patients that manifest a low-grade cytology without histopathological assessment after colposcopy or CIN1 histopathological diagnosis at 2 years from initial diagnosis of LSIL (CIN1) had a risk of 28.4% of developing HSIL (CIN2-3) in the following 3 years. In order to safely extend follow-up and to avoid unnecessary treatments, we investigated the risk factors associated with progression that could identify patients where treatment could be more appropriate. Among the considered factors, only women who resulted HR-HPV DNA positive at the 2-year evaluation presented a six-time higher risk of progression to HSIL in the following 3 years with respect to HR-HPV DNA negative women. Therefore, in this subgroup of women, an excisional treatment at 2 years could be the preferred choice to prevent progression to HSIL (CIN2-3) in the following years, preferring a continuation of follow-up in case of HR-HPV DNA negative result. However, since different HPV subtypes may determine different risks of high-grade lesions (up to a risk of 47.4% in case of HPV 16 2-year persistence),[@R19] a potential bias of the present study is the absence of HPV typing. In contrast to existing literature,[@R12] we did not find a correlation between cervical cytology at inclusion or at 2 years and risk of progression to histopathological HSIL between two and 5 years, but only with HR-HPV DNA positivity at 2 years.

Strengths of our study are the multicentric nature and the large cohort of patients and the certified expertise of operators in the four involved centres.

Limitations are the retrospective nature which might have introduced a selection bias, the absence of HPV typing and the absence of histopathological samples in every case of colposcopic evaluation.

Conclusions {#s5}
===========

Women with LSIL (CIN1) diagnosis presented a low rate of progression to HSIL (CIN2-3) during 5 years of follow-up, with higher risk in case of high-grade cytology at inclusion. These findings support a long-term observational approach up to 5 years in this subgroup of women avoiding unnecessary treatment, particularly useful in those women with desire for pregnancy, since an excisional treatment could potentially determine a higher risk of obstetric adverse events.[@R20]

After 2 years of follow-up, in women with persistent low-grade cytology or with persistent histopathological diagnosis of LSIL (CIN1), an HR-HPV positive test may be helpful to identify those patients who will benefit from excisional treatment. Future studies about the usefulness of HPV typing or molecular biomarkers in stratifying the risk of progression are however needed.
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